asthma had an abnormal test. Of the 55 of these studied in 1991, 32 (58%) had developed asthma. The sensitivity of a positive FRAST for the development of asthma was 58%, its specificity 97%, and positive predictive value 72%. Hay fever, eczema, otitis media, "bronchitis," and family history of atopy also occurred more commonly in this group. Conclusions -Asymptomatic BHR, as shown by exercise challenge, can predict the development of clinical asthma. This study has also shown a relation between BHR, asthma, and other diseases of the airways, notably upper respiratory tract infection, "bronchitis," and otitis media. (Thorax 1994;49:757-761) 
asthma had an abnormal test. Of the 55 of these studied in 1991, 32 (58%) had developed asthma. The sensitivity of a positive FRAST for the development of asthma was 58%, its specificity 97%, and positive predictive value 72%. Hay fever, eczema, otitis media, "bronchitis," and family history of atopy also occurred more commonly in this group. Conclusions -Asymptomatic BHR, as shown by exercise challenge, can predict the development of clinical asthma. This study has also shown a relation between BHR, asthma, and other diseases of the airways, notably upper respiratory tract infection, "bronchitis," and otitis media. (Thorax 1994; 49:757-761) Bronchial hyperresponsiveness (BHR) -defined as bronchi which narrow too much and too easily in response to provoking factors' -is recognised as being clearly related to, but not identical with, asthma. It was once considered to be a fundamental part of asthma but this concept is now questioned.2 Our current knowledge suggests that the association between BHR and asthma is incomplete, so that subjects with BHR do not always have asthma and vice versa.
It would be of interest to know whether BHR is in any way prognostic of asthma. Hopp et al3 suggested that individuals with BHR who are entirely asymptomatic and clinically normal may represent a latent phase of asthma which may become clinically active over the course of time or under a particular stress. Other studies45 in relatives of patients with chronic obstructive airways suggest that the presence of BHR predicts functional impairment, but this has not been substantiated by longitudinal data. There is therefore a need for longitudinal studies to be performed to characterise the temporal relation between BHR and the development of disease.6 BHR can be measured not only in the laboratory but also in epidemiological studies.7-9 These usually entail direct inhalation challenge tests with histamine or methacholine. Indirect challenge such as exercise can also be used, and may be more specific to asthma than those of direct stimuli, but less sensitive because not all asthmatic subjects have narrowing induced by these stimuli.6 Free running is the exercise most likely to trigger asthma,'0 and it was originally investigated in conditions of constant ambient temperature and humidity to minimise the coefficient of variability." These studies are usually recorded in hospitalised children who are often at the more severe end of the asthma spectrum. Epidemiological studies using free running asthma screening tests have been used extensively.'2-'4 This study describes a cohort of children studied longitudinally over five years, and looks at the predictive value of exercise induced bronchoconstriction for the development of asthma following a single screening test, and the possible relation with other diseases of the airways.
Methods
The study population initially comprised all 1357 primary school age children (695 boys and 662 girls) from a six partner general practice population of approximately 10 000 patients in a mixed but mainly urban practice in West Glamorgan in 1985. Of these, 58 boys (8 5%) and 51 girls (7-5%) had current asthma, defined as the presence of one or more of the following: (1) recurrent wheezing (other rarer causes excluded), (2) variation in rate of peak expiratory flow (PEF) of > 15% after inhaled bronchodilator challenge or in diurnal variation 757 group.bmj.com on June 23, 2017 -Published by http://thorax.bmj.com/ Downloaded from 78ones using diary cards, or (3) where any two of the six partners had used the term purely on clinical grounds within the past 12 months.
All of these children were asked to undergo a screening exercise test as previously described,'0 12 involving the free running asthma screening test (FRAST) .'3 This was performed at 10 local primary schools on children aged 5-11 years'4 after obtaining ethical committee, educational system, and parental support. Children with an upper respiratory tract infection in the previous seven days were excluded and retested at a later date. Any child with a pre-exercise PEF of 20% or more below predicted values in relation to height was also excluded from the FRAST. Children were exercised in small groups using the gymnasium and all tests were carried out in June so that none were exercised in cold air ( < 4°C).
Exercise involved running as hard as possible for six minutes to obtain a pulse rate in excess of 170 beats per minute, then resting for three minutes after which the PEF measurement was repeated. Children with asthma were not told the date of the FRAST and therefore took their asthma medication as usual. The percentage drop in PEF was categorised into < 15% (including no change and rise) or > 15%. Any absentees were retested at a later date. All children with > 15% in PEF were labelled as having a positive test.
Those not known to have asthma but with a positive exercise test were categorised into an index group for positive FRAST. For each child in this group the next child listed on the school register was taken as a control. Each control was checked with the practice records for key words '5 study nurse to the parents of the FRAST index and control groups for personal and family history of atopic characteristics and respiratory symptoms. A search was also made of the patients' notes for such events as tonsillectomy, adenoidectomy, insertion of grommets, myringotomy, referral to the outpatient clinics for whatever reason, evidence of upper respiratory tract infections, bronchitis, croup, pneumonia, otitis media, whooping cough, and any other condition of the respiratory tract. Children with chronic tonsillitis were defined as those who were either on the waiting list for tonsillectomy or had been referred for tonsillectomy.
A longitudinal follow up of the index and control groups was then made from 1985 to 1991, when again all documented evidence of asthma or upper respiratory tract illnesses was recorded prospectively. During the period prior to follow up none of the partners was aware of the exercise test results so that any subsequent diagnosis of asthma was made independently of the exercise results. Data were analysed with SPSS.PC software and the results presented as frequency distributions, estimation of cross tabulation of variables using x2 estimation, and presentation of results as relevant p values. Percentage decrease in peak flow rate Figure 2 Overall results for all children who underwent exercise challenge test (n = 956). BHR = bronchial hyperreactivity. (myringotomy) , and otitis media to occur more commonly in the FRAST group, but only the occurrence of bronchitis attained statistical significance. All these clinical conditions occurred more commonly in boys than girls -even the occurrence of bronchitis, upper respiratory tract infection, and otitis media in the control group -but none of these differences was statistically significant.
The longitudinal follow up of both FRAST and index groups from 1985 to 1991 showed that, of the 60 in the FRAST index group, five had moved from the area reducing the total to 55 in the index group. All 55 corresponding controls were still available. The comparison of the clinical data is shown in table 3. Hay fever (p<0-01), eczema (p=0-05), and otitis media (p<0 05) all occurred more commonly in the FRAST group. Again there was a non-significant trend in the concurrent existence of upper respiratory infection, bronchitis, cough, and wheeze in this group (table 3) .
Thirty two children among the index group (58%) developed asthma over the six year follow up period, compared with only eight among the control group (13%; p<0O001). A prescribing pattern of asthma medication was noted both on an acute and repeat prescribing module on the practice computer for all 32 in the index group and the eight in the control group.
Of the eight children who developed asthma from the control group over the six year period six had siblings with asthma. There were no other indicators of potential asthma at the time of the first questionnaire for these eight controls. There is little to suggest that the sensitivity or specificity of the exercise test has changed with age. The sensitivity ranged from 23-5% to 50% (mean 34 4%), being maximum in the 10 year age group. The specificity ranged from 88% to 97% (mean 92-6%) with little measurable age dependent change. In the study by Burr and a further seven children were deemed to have failed the test. This shows the sensitivity of the test to be 43-5%, its specificity 93%/o, and its predictive value 40%. The sensitivity of the test when the 32 who had developed asthma over the follow up period is taken into account changes to 58%, the specificity to 97%, and the predictive value to 72%. These figures, however, do not take into account the possible number of new asthma cases which would have developed in the remaining 744 children. This compares with the low sensitivity for children found in the other studies using BHR as a screening test compared with an existing asthma diagnosis.6 The confounding effect of treatment taken by any diagnosed asthma sufferer before the test could certainly contribute to the apparently low sensitivity.
Our results are at variance with those of Balfour-Lynn et aP0 who concluded that exercise induced bronchospasm is a sensitive indicator of clinical asthma. However, their population sample consisted of 33 hospitalised cases, whereas some of the children in our study had mild asthma and therefore it resembles more closely a whole population study than theirs.
The results of the Sheffield group,'3 in which 500 schoolchildren were studied, are more consistent with ours. The changes in PEF for children who took part in the screening test showed a skew distribution to the right -that is, a decrease in PEF after exercise. The FRAST index group also showed a skew to the right but this was less pronounced than in known asthmatics. This is similar to the skew shown by Burr and workers'2 and in their study it represented children who were not current asthmatics but had wheezed at some time in the past.
The FRAST index group frequently reported the presence of cough. This is in keeping with other studies which have shown cough to be the predominant symptom of asthma, particularly in children.2'-23 The "frequent cougher", rather than the "occasional wheezer", is the most likely to be missed in making the diagnosis of asthma in primary care.24 Similarly wheeze, shortness of breath, "bronchitis", "upper respiratory tract infection", and refraining from sport was more common in the BHR group. Thus, children with BHR tended to behave more like the asthma group than the controls.
During the six year follow up 32 of the remaining 55 FRAST index cases developed asthma (58%), the diagnosis being made independently of the FRAST. These 55 again showed a trend towards a higher occurrence of upper respiratory tract infection, bronchitis, otitis media, cough, wheeze, and eczema than in the control group (table 3) .
Eight children had developed asthma in the control group over the ensuing six years, six of whom had siblings with asthma. There were no other indicators of asthma or potential asthma from the notes or the questionnaire, so screening by exercise had advantages over question- 
